Abstract I study the sunspot area fluctuations over the epoch of 12 solar cycles (12-23). Lately, I found three significant quasi-periodicities at 10, 17 and 23 solar rotations, but two longer periods could be treated as subharmonics of the 10-rotation period. Thus, I search this period during the low-and the highactivity periods of each solar cycles. Because of the N-S asymmetry I consider each solar hemisphere separately. The skewness of each fluctuation probability distribution suggests that the positive and the negative fluctuations could be are examined separately. To avoid the problem when a few strong fluctuations could create an auto-correlation or a wavelet peak, I also analyse the transformations of fluctuations for which the amplitudes at the high-and the low-activity periods are almost the same. The auto-correlation and the wavelet analyses show that the 10-rotation period is mainly detected during the high-activity periods, but it also exists during a few low-activity periods.
Introduction
In the last decades, the mid-term quasi-periodicities of many solar activity tracers have been discussed. Wolff (1983) reported the about 12 rotations periodicity in the monthly Wolf number variations from 1749 to 1979. This periodicity was also found in many solar activity indicators. Delarche, Laclare and Sadsoud (1987) detected it in the solar diameter measurements during cycle 21. Lean and Brueckner (1989) found it in the power spectrum of the sunspot blocking function, 10.7 cm radio flux, sunspot number and plage index daily data during the three solar cycles . Pap, Tobiska and Bouwer (1990) showed that an 8-11 month period existed in the total and UV irradiances (1980 and 1982-1988 respectively) , 10.7 radio flux , the Ca K plage index (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) , the sunspot blocking function and the Mg ii core-wing ratio (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) . Akioka et al. (1987) detected it in areas and numbers of sunspot groups from 1969 to 1986. Oliver et al. (1992) studied daily sunspot numbers from 6 to 21 solar cycles. They adopted two different power spectrum methods and found a periodicity of about 323 days in three solar cycles only. They also found a significant periodicity at 350 days (13 rotations) during cycles 12-21 together and in some individual cycles. Getko (2006) found statistically significant quasi-periodicity of about 9 months (10 rotations) in both high-and low-activity periods for the monthly Wolf number fluctuations from 1 to 22 solar cycles and for the group sunspot number fluctuations from 5 to 18 solar cycles.
Two longer periods at 17 rotations and at 23 rotations were found in many solar activity parameters. More up to date review is by Obridko and Shelting (2007) . Lately, Getko (2009) showed that they could be treated as subharmonics of the 10-rotation period. This facts could explain a wide range of periodicities in various solar indices at all levels from the tachocline to the Earth.
In this paper, I search the 10-rotation period in the sunspot areas during the low-and the high-activity periods for cycles 12-23. The N-S asymmetry of solar activity (Vizoso and Ballester, 1990) suggests that both hemispheres should be considered separately. Because each empirical probability distribution of fluctuations is asymmetrical, the positive and the negative fluctuations are considered separately. To avoid the problem when a few strong fluctuations could create an auto-correlation or a wavelet peak, I transform each fluctuation time series into a new time series which has a constant variance (Getko, 2006) . The amplitudes of each new time series at the high-and the low-activity periods are almost the same. The auto-correlation and the wavelet analyses of the original fluctuations and their transformations are used to find the mid-term periodicities from high-and low-activity periods in each solar cycle. To verify the stationarity conditions of {X
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2 ), and Because each fluctuation probability distribution has positive skew (Getko, 2009) , the positive and the negative fluctuations are considered separately. For {F n i } they can be defined as follows:
where F 
The periodicities during high-and low-activity periods
To find the periodicities during high-activity periods I apply the auto-correlation function (c τ ). The original, the positive and the negative fluctuations are considered separately. The same is for transformations. I divide each of them into 12 parts of length L ≈ 11 years. For example, for the northern hemisphere
for each of 12 cycles. Figs. 2a-c show their functions c τ for cycle 18. For the c τ of {F n i } (Fig. 2a, top) a global maximum is greater than 2σ at τ = 11 rotations, for {X n i } (bottom) the value c 11 is less than 1σ. Moreover, for {F n+ i } the value c 12 is between 1σ and 2σ and for {X n+ i } it is less than 1σ (Fig. 2b) . A decrease of c τ at τ ∈ [7, 13] rotations, which is at least 1σ, is in 71% of 24 cases (12 cycles in each hemisphere). Because the transformation of {F n i } into {X n i } stabilizes the variance of {F n i } such a decrease is probably created by strong fluctuations from the high-activity period. Moreover, the width of the c τ maximum of {F n+ i } (evaluated for the 1σ level) is between two and five rotations. There are also a few cases (for example, for {F s+ i } cycles 13, 14, 18, 19, 20) for which each function c τ has two or three peaks (their width for the 1σ level is one rotation). This means, that the strong fluctuations are quasi-periodical. Fig. 2c shows that for {F n− i } and {X n− i } in cycle 18 both c 11 are greater than 2σ. This could indicate that the fluctuations from the whole cycle create both peaks. In addition, a decrease of c 11 (it is at least 1σ) could be created by fluctuations from the high-activity period. It is also found in 80% of 24 cases. The longer c τ periods are treated as subharmonics of about 10-rotation period (Getko, 2009) .
I also apply the Morlet wavelet (Torrence and Compo, 1998) to six time series for each of 24 cases. Fig. 3a (top) shows the local spectrum of {F n i } for cycle 18. Black solid contours denote the 95 per cent significance level for detected peaks. The global maximum of the integrated spectrum (right) at τ = 11 rotations is mainly created by fluctuations from the high-activity period. It confirms the auto-correlation result (Fig. 1a) . Similar wavelet map is for {F n+ i } (bottom), but the peak at τ = 11 rotations is significant. The global spectrum shows two almost the same peaks at τ = 11 and 8 rotations. The wavelet map of {X n i } (Fig.  3b, top) for the high-activity period is almost the same as for {F To find the periodicities during the low-activity periods I examine the wavelets for 12 cycles together. The map of {X n+ i } shows the significant peaks at about 10 rotations from these periods (cycles 13-14, 15-16, 17-18, 20-21) . For {X n− i } there are also several significant peaks (cycles 13-14, l6-17, 17-18, 18-19 and 20-21) . Both maps of {X s+ i } and {X s− i } also show significant peaks during these periods (cycles 12-13, 13-14, 15-16, 16-17, 18-19 and cycles 12-13, l5-16, 16-17 respectively) .
Discussion
The transformation of fluctuations into the new time series with a constant variance enables one to evaluate the time intervals where the functions c τ have the most dominant periods. Such analyses indicate that the mean time distance between strong fluctuations from solar maxima is about 10 rotations for each hemisphere separately. Moreover, the division of {X i } for each hemisphere into two shorter parts: containing data from low-activity periods ({X * i }) and from Getko (2004) shows that strong positive fluctuations are always created by 2-4 activity complexes which have not their largest size at the same time (the maxima of their contribution to the monthly Wolf number are shifted from one to three months). Namely, the fluctuations are not strictly periodical, but quasi-periodical. Moreover, because the functions c τ (and the wavelets) of positive and of negative fluctuations are different, the positive fluctuations, which describe a strong magnetic flux emergence, are rather a sequence of pulses following at fixed time intervals than harmonic oscillations (Obridko and Shelting, 2007) . In addition, for {F n+ i } and {F s+ i } the significant wavelet peaks at 10 rotations usually exist during short time intervals of high-activity periods and also exist in the maps of {X n+ i } and {X s+ i } during several low-activity periods. I also obtained similar results for the monthly Wolf numbers and for the group sunspot numbers during high-activity periods (Getko, 2006) . For periods around 11-12 rotations Prabhakaran Nayar et al. (2002) showed a significant wavelet power of the daily Wolf numbers for short time intervals during several solar maxima. Taking into consideration that the solar activity fluctuations are quasi-periodical, the results obtained for daily data and data used in this paper are similar. Moreover, an analysis of the auto-correlation of daily sunspot areas for solar cycles 10-20 (Bogart, 1982) leads to the evidence for the existence of a few sites of unusually strong solar activity in each solar cycle that persist for about 10 rotations and generally rotate with a period of about 27 days.
Conclusions
The following results have been obtained:
1. The auto-correlation and the wavelet analyses of the original, the positive and the negative fluctuations and their transformations prefer the 10-rotation quasi-periodicity. 2. The differences between the auto-correlation maxima (for τ ∈ [7, 13] rotations) of fluctuations and their transformations suggest that the 10-rotation period is created by strong fluctuations from high-activity periods. 3. The wavelet analysis confirms auto-correlation results for τ ∈ [7, 13] rotations (the correlation is about 0.9 for 87%, 72%, 92%, 61% and 75% of the auto-correlation peaks of {F i } for all 12 solar cycles together show several statistically significant peaks at about 10 rotations for low-activity periods. This means that during these periods small quasi-periodical fluctuations exist.
